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GRAPHICS PROCESSING SYSTEM 



TECHNICAL FIELD 



The present invention is generally related to graphics processing and more 
particularly to a system and method for reducing bandwidth required to transfer pixel data 
for a pixel region in which the values of all pixel data in a given pixel region is equal to a 
10 predetermined reference pixel. 

BACKGROUND OF THE INVENTION 

1,^ In a typical computer graphics system a representation of a scene, that includes 

objects and/or environments having one or more surface areas, is generated and output for 
^''^J 15 display on a display device. The surface areas would typically be divided into fixed sized 
ffl regions and stored (cached) separately to help increase efficiency. These computer 

graphic systems typically incorporate processors configured to convert geometric data 

s representing a surface area within a scene of interest, into pixel data that presents a two 

□ 

fy dimensional spatial representation of surface area. The pixel data is stored into memory 

20 and subsequently retrieved and processed to compose the pixel data. The composed pixel 

1:3 

eg data is then output as a stream of pixels to an associated display device. 

ry 

In a typical computer graphics system, a display device capable of displaying at a 
resolution of, for example, 16 pixels by 16 pixels will incorporate memory that is 
dedicated to storing pixel data that corresponds to a particular fixed region (pixel region) 

25 of the display area. 

When pixel data is stored into memory, it is common to map available memory or 
a portion of available memory to correspond to a predetermined display device screen 
resolution. More particularly, for a display device capable of displaying a screen image at 
a predetermined number of horizontal pixels and a predetermined number of vertical 

30 pixels, memory is allocated to store data (pixel data) on a pixel-by-pixel basis. Pixel data 
is typically stored into memory as, for example, 8-bit data words, each 8-bit data word 
representing a single pixel. Typically one memory address is allocated for each pixel to 
be displayed on the corresponding display device. 



1 



Docket No. 10001769-1 

Memory space for storing the pixel data is further allocated in blocks of sequential 
memory addresses (memory block) to correspond to predetermined regions of pixels of 
the display device. These memory blocks correspond to a predetermined burst size. This 
burst size may be determined by hardware requirements. Preferably, the burst size will be 
sufficient to enhance efficient pixel data transfer from/to memory. These regions of 
pixels are called pixels regions. For example, a display device capable of displaying 
imagery 16 pixels x 16 pixels may be treated as a series of "pixel regions". Each pixel 
region may be, for example, 4 pixels horizontally and 4 pixels vertically. 

FIG. 1 shows an example of a horizontally scanning display device 25 capable of 
displaying an image that is 16 pixels horizontally and 16 pixels vertically (i.e. 16 pixels x 
16 pixels). In this example, the display 25 is divided into a series of pixel regions (Reg. 
A, Reg. B, Reg. C, Reg. D., Reg. E, Reg. F, Reg, G, Reg. H, Reg. I, Reg. J, Reg. K, Reg. 
L, Reg. M, Reg. N, Reg. O and Reg. P). Each pixel region A-P contains a predetermined 
number of pixels. In this example, each pixel region A-P contains 16 pixels and is 4 
pixels horizontally and 4 pixels vertically. It is recognized that 16 pixels by 16 pixels is 
not generally a realistic display screen resolution, however, for purposes of discussion 
herein limiting the resolution to a lower screen resolution such as 16 pixels x 16 pixels 
allows for more clear illustration- and discussion thereof. Those skilled in the art will 
recognize that most display devices operate at other, typically higher, resolutions. 

FIG. 2 shows a fiirther illustration of display 25. This illustration shows that 
display device 25 can be viewed as having a series of horizontal scan lines (SCAN LINE 
1 through SCAN LINE 16). Each of these horizontal scan lines includes a series of 
sequential pixels. These horizontal scan lines are one pixel vertically and sixteen pixels 
horizontally. SCAN LINE 1 includes pixels 1 through 16. Similarly, SCAN LINE 2 
through SCAN LINE 16 include pixels 17 through 256. SCAN LINE 15 includes pixels 
225 through 240. SCAN LINE 16 includes pixels 241 through 256. 

For each pixel region A-P, a block of sequential memory addresses in memory is 
reserved for storing pixel data. Each block of sequential memory addresses corresponds 
to a particular pixel region. Pixel data for each pixel within the particular pixel region is 
stored into the corresponding block of sequential memory addresses. 

FIGs. 3A and 3B illustrate how pixel data for given pixels regions of a display 
device 25 may be storecl into memory. Here portions of memory 120 have been allocated 
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to store pixel data for each pixel region A-D. It will be recognized that memory should 
also be allocated to store pixel data for the pixel regions E-P, however, for purposes of 
illustration, FIG. 3A shows that memory has been allocated only for pixel regions A , B, 
CandD. 

It can be seen that memory addresses 20010 through 20025 have been allocated to 
store pixel data related to the pixels of pixel region A (pixel 1, 2, 3, 4, 17, 18, 19, 20, 33, 
34, 35, 36, 49, 50, 51 and 52). Similarly, memory addresses have been allocated to store 
pixel data related to the pixels of pixel regions B, C and D. The typical computer graphic 
system is configured to retrieve pixel data fi-om memory in bursts by blocks of a 
predetermined size. This predetermined size may correspond to the size of the blocks of 
sequential memory addresses in which pixel data for pixels regions is stored. The 
retrieved block of pixel data is then composed and the composed pixel data is output to an 
associated display device as a stream of pixel data. 

A typical display device displays an image by scanning a series of scan lines, one 
scan line at a time, until all image data has been displayed. A scan line is composed of a 
series of either horizontally or vertically adjacent pixels. A typical display will scan lines 
either horizontally or vertically. In order to scan a scan line, the display must be provided 
with a stream of pixel data corresponding to the scan line to be displayed. For a 
horizontally scarming display capable of displaying a screen image and resolution of, for 
example, 16 pixels x 16 pixels, one horizontal scan line represents a vertical dimension of 
one pixel and a horizontal dimension of 16 pixels. (Note: It is recognized that 16 pixels 
by 16 pixels is not generally a realistic display screen resolution, however, for purposes of 
discussion herein limiting the resolution to a lower screen resolution such as 1 6 pixels x 
16 pixels allows for more clear illustration and discussion thereof.) 

The display 25 is composed of a series of a horizontal scan lines each consisting 
of 16 horizontal pixels. For example, the first horizontal scan line on display 25 includes 
sixteen pixels numbered 1 through 16. Similarly the last (or bottom) horizontal scan line 
is composed of sixteen pixels, numbered 241 through 256. During display of an image, 
pixel data is retrieved fi-om the memory and output so as to provide a stream of pixel data 
to an associated display 25, one horizontal scan line at a time. 

FIG. 3B illustrates the sequence in which pixel data is retrieved from a typical 
computer graphics system. In order to provide a stream of pixel data to display 25 (FIG. 
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1) to display, for example, the horizontal scan line (FIG. 3A) composed of the pixels 1- 
16, all pixel data corresponding to the pixel regions A, B, C & D must first be retrieved. 
This data is retrieved during each cycle of refreshing the display 25. Only four (4) pixels 
fi*om each pixel region are necessary to display the first scan line. More particularly, 
pixels 1, 2, 3 and 4 are needed from pixel region A; pixels 5, 6, 7 & 8 are needed from 
pixel region B; pixels 9, 10, 11 & 12 are needed from pixel region C; and pixels 13, 14, 
15 & 16 are needed from pixel region B. The arrows "R" are used to indicate the 
sequence in which pixel data is retrieved from memory 120. The typical computer 
graphics system does not retrieve only the needed pixel data (pixels 1-16) due to the way 
pixel data is stored into memory and the manner in which pixel data is retrieved from 
memory in data transfer burst of a given size. Instead, entire blocks of pixel data 
corresponding to the pixel regions A, B, C & D (in this example, a total of 64 pixels 
worth of pixel data) must be retrieved and any un-needed pixel data is then discarded. 
Only the needed pixel data is output to the display as a stream of pixel data (i.e., any pixel 
data other than pixel data for pixels 1-16 is discarded). This is a very inefficient use of 
resources as a great deal of processing bandwidth is consumed with retrieving and 
discarding unneeded pixel data. 

Further, during each refresh cycle, the pixel data stored to memory 120 will be 
retrieved and composed, regardless of whether or not new pixel data has been written into 
the memory 120 since the last refi"esh cycle. As a result, resources are wasted composing 
pixel data that has not changed and will not yield any different composed pixel data. 

Thus, a heretofore unaddressed need exists in the industry to address the 
aforementioned deficiencies and inadequacies. 

SUMMARY OF THE INVENTION 

The present invention provides a system and method for efficient use of memory 
bandwidth in processing pixel data corresponding to a given pixel region in which pixel 
values within the pixel region are constant. Briefly described, in architecture, the system 
can be implemented as follows. A controller is provided that is configured to identify 
pixel data associated with a predetermined, pixel region to be stored to memory and to 
associate a predetermined reference pixel with the pixel region. The controller is further 
configured to set a fill check bit associated with the pixel region to indicate when the 
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values of all pixels within the pixel region are the same as a predetermined reference 
pixel data. Further the controller is configured to store pixel data for the reference pixel 
to memory and to set a fill check bit associated with the pixel region where the values of 
all pixels within the pixel region are the same as the predetermined reference pixel data 

The present invention can also be viewed as providing a method for processing 
pixel data corresponding to a given pixel region in which pixel values within the pixel 
region are constant. In this regard, the method can be broadly summarized by the 
following steps: Pixel data associated with a predetermined pixel region to be stored to 
memory is identified. A predetermined reference pixel is associated with the pixel 
region. Pixel data for the reference pixel is stored to memory; and, where true, a fill 
check bit associated with the pixel region is set to indicate that the values of all pixels 
within the pixel region are the same as the predetermined reference pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention can be better understood with reference to the following drawings. 
The components in the drawings are not necessarily to scale, emphasis instead being 
placed upon clearly illustrating the principles of the present invention. Moreover, in the 
drawings, like reference numerals designate corresponding parts throughout the several 
views. 

FIG. 1 is a diagram illustrating predefined pixel regions of a corresponding 
display device 25; 

FIG. 2 is a diagram illustrating pixels, pixel regions and scan lines of an 
associated display 25; 

FIG. 3A is a diagram illustrating allocation of sequential blocks of memory for 
storing pixel data corresponding to predefined pixel regions; 

FIG. 3B is a diagram fiorther illustrating allocation of sequential blocks of memory 
for storing pixel data corresponding to predefined pixel regions and the order in which 
pixel data is retrieved; 

FIG. 4 is a block diagram of an embodiment of a graphics system according to the 
invention; 

FIG. 5 is a flowchart illustrating an embodiment of the process of storing pixel 
data to memory according to the invention; 
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FIG. 6 is a block diagram illustrating an embodiment of how pixel data is stored to 
blocks of sequential memory addresses that are associated with a predetermined pixel 
region; 

FIG. 7A is a block diagram illustrating an embodiment of how composed pixel 
data is stored to memory in blocks of sequential memory addresses; 

FIG. 7B is a further diagram illustrating an embodiment of how composed pixel 
data is retrieved from memory in blocks of sequential memory addresses; 

FIG. 8A is a block diagram illustrating an embodiment of a block of sequential 
memory addresses designated to store check bit data; 

FIG- 8B is a flowchart illustrating a further embodiment aspect of the process 
carried out by the present invention; 

FIG. 9A is a flowchart illustrating an embodiment of the method of storing pixel 
data for a given pixel region according to the present invention; and 

FIG. 9B is a flowchart illustrating an embodiment of the method of retrieving 
pixel data for a given pixel region according to the present invention. 

DETAILED DESCRIPTION 

One aspect of the invention provides a system for composing pixel data in which 
composed pixel data is stored to memory in blocks of sequential memory addresses that 
correspond directly to a scan line, or a portion of a scan line, of an associated display 
device. More particularly, for a given scan line, a block of sequential memory addresses 
will contain only values for sequential pixels that make up the current scan line. Each 
block of sequential memory addresses will preferably correspond to a predetermined data 
transfer burst size. Thus, when composed pixel data is read from a block of sequential 
memory addresses during a data transfer burst, the sequential memory addresses will 
contain values for sequential pixels of a scan line currently being written. In this way, 
values for composed pixels within other scan lines that are not currently being written 
will not be retrieved during a data transfer burst. Thus all composed pixel data read out 
of a block of sequential memory addresses during a data transfer burst will be relevant to 
the current scan line currently being written. 

In the following discussions, horizontal scan lines are discussed. It will be 
understood however, that the discussions are equally applicable to vertical scan lines. 
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FIG. 4 is a block diagram of an embodiment of a graphics system 400 according 
to the present invention. This embodiment includes a central processing unit 460, storage 
memory 465 for storing data 468 and/or software 467. An input/output (I/O) processor 
475 is provided for interfacing with associated input and output devices. A local interface 
5 470 is provided for transferring data between the CPU 460, memory 465 and/or I/O 
processor 475. A processor 485 is provided for processing graphics data. Further there is 
video memory 495 and a controller 490. Controller 490 may be configured to provide 
data to display device 25. Display device 25 may be either a horizontally scanning device 
or a vertically scanning device. It will be noted that the discussions herein address a 
10 horizontally scanning display device, however it will be recognized that the discussion 
herein are equally applicable to a vertically scanning display device. Associated input 
and output devices may include keyboard device 420, mouse/pointing device 425 and/or a 

Q network 427. Network 427 may be a local area network (LAN) or a wide area network 

(WAN) such as, for example, the Intemet. 

ff\ 15 CPU 460 is preferably configured to operate in accordance with software 467 
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stored on memory 465. CPU 460 is preferably configured to control the operation of 
system 400 so that geometric data representing a surface area, or object within a scene to 
be displayed on an associated display device 25, will be converted to pixel data, 
composed and output to an associated display device 25. CPU 460 may also be 



ry 
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£3 20 configured to control the transfer of data, such as geometric data, to the processor 485 via 
the I/O processor 475. For example, processor 485 may be configured to convert 
geometric data representing, for example, a rectangular region of pixels having a constant 
data value, into pixel data representative of the rectangular region of pixels as illustrated 
in FIG. 6. These regions of pixels are stored in memory 495 via processor 485 via 
25 controller 490. 

Controller 490 takes pixel data composes it and then stores the composed pixel 
data back into memory 495. 

Composed pixel data is stored into memory 495 in blocks of sequential memory 
addresses. Each block of sequential memory addresses corresponds to a predetermined 
30 horizontal scan line of an associated display device 25. FIG. 7, discussed below, 
illustrates how composed pixel data is stored to memory 495 in blocks of sequential 



7 



HP Docket No. 10001769-1 



memory addresses that are associated with a predetermined scan Hne or portion of a scan 
line, of a display device. 

Controller 490 controls the output of composed pixel data of FIG. 7 to an 
associated display device 25. Composed pixel data is retrieved from blocks of sequential 
memory addresses and output as a stream of composed pixel data to an associated display 
device 25. This stream of composed pixel data corresponds to predetermined horizontal 
scan lines of the associated display device 25. 

FIG. 5 is a flowchart illustrating a method of composing pixel data for output to a 
display device. Geometric data is received and converted into pixel data (502). In one 
embodiment, processor 485 of system 400 discussed above may be configured to convert 
geometric data into pixel data representative of a surface area within a scene to be 
displayed on an associated display device 25. The resulting pixel data is stored into 
memory in blocks of sequential memory addresses (blocks) (504). Each of these blocks 
of sequential memory addresses preferably corresponds to a predefined pixel region, or a 
portion of a pixel region, of £Ui associated display device 25 (FIG. 4). The size of the 
block of sequential memory addresses may be selected to correspond with a 
predetermined data transfer burst size. For example, in one embodiment, the data transfer 
burst size of controller 490-may be used to determine the size of each block of sequential 
memory addresses. FIG. 6, discussed below, illustrates the storage of pixel data to a 
sequential block of memory addresses prior to composition. Each sequential block of 
memory addresses is associated with a predetermined pixel region of a display device. 

Pixel data is then retrieved from the block of sequential memory addresses (506) 
into which it was stored. The retrieved pixel data is then composed to produce composed 
pixel data (508). In another embodiment, controller 490 is further configured to have 
pixel data retrieved from memory 495 and compose the pixel data to generate composed 
pixel data. This composed pixel data represents surface areas or objects of a scene to be 
displayed. The composed pixel data is stored into memory in blocks of sequential 
memory addresses (510) that correspond to a predetermined scan line, or a contiguous 
portion of a scan line, of an associated display device. This block of sequential memory 
addresses is preferably a second block of memory addresses separate from the block of 
sequential memory addresses into which pixel data was stored at step 504. FIGs. 7A and 
7B, discussed below, illustrate the storage of composed pixel data to a sequential block of 
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memory addresses that is associated with a predetermined scan Hne, or portion of a scan 
line, of an associated display device. 

Composed pixel data is retrieved from memory (512) and is output for display on 
an associated display device by controller 490. More particularly, composed pixel data 
for a scan line, or portion of a scan line, of an associated display device will be retrieved 
from a block of sequential memory addresses in which it is stored. Each sequential 
memory address contains composed pixel data for a pixel of a predetermined scan line. 
The pixel data will be read out of the block of sequential memory addresses and then 
output to the display device thereby causing either a scan line or portion of a scan line to 
be drawn on the display device. Pixel data may be output to the display device in a 
complete data transfer burst, or may be read out in sequence, one memory address at a 
time. It will be noted that the blocks of memory addresses do not have to be stored into a 
single memory device or that the blocks be stored in sequential order within a memory 
device. 

FIG. 6 illustrates four blocks of sequential memory addresses in memory 495. 
Each of these blocks of sequential memory addresses corresponds to a predetermined 
pixel region of the associated display device 25. These blocks of sequential memory 
addresses may be said to represent an image surface. While only four blocks of memory 
are illustrated, it will be recognized that a block of memory sequential addresses may be 
allocated for each respective pixel region of an associated display device 25, thus, in the 
case of the associated display device 25 shown in FIG. 1, sixteen blocks of sequential 
memory addresses could be allocated to provide for full coverage of pixel data for the 
display. 

As noted above with regard to FIG. 5, the controller 490 is maybe configured to 
store pixel data into memory 595. This pixel data is stored to memory 495 in blocks of 
sequential memory addresses. In this example, the block of sequential memory addresses 
20010 through 20025 corresponds to pixel Region A of associated display device 25 (see 
FIG. 1). It can be seen that the block of memory addresses corresponding to region A is 
allocated to store pixel data for the pixels 1, 2, 3, 4, 17, 18, 19, 20, 33, 34, 35, 36, 49, 50, 
51 and 52. Similarly, blocks of sequential memory addresses are allocated for each of 
pixel Regions B, C and D. As can be seen, the pixels stored in each of the above noted 
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blocks of memory are not sequential and do not correspond to a single horizontal scan 
line of an associated display device 25. 

FIGs, 7 A and 7B illustrate four blocks of sequential memory addresses in memory 
495. Each of these blocks of sequential memory addresses stored composed pixel data 
and can therefore be said to represent a composed surface. Each of these blocks of 
sequential memory addresses corresponds to a predetermined scan line, or a contiguous 
portion of a scan line, of an associated display device 25. 

While only four blocks of memory are illustrated, it will be recognized that a 
block of memory may be allocated for each respective horizontal scan line of an 
associated display device 25, thus, in the case of the associated display device 25 shown 
in FIG. 1, sixteen blocks of sequential memory could be allocated in order to 
accommodate the sixteen separate horizontal scan lines of the display 25. Composed 
pixel data is preferably stored to memory 495 in blocks of sequential memory addresses, 
each address corresponding to a pixel within a given scan line of an associated display 
device 

It can be seen in FIG. 7 A that the block of sequential memory addresses 50010 
through 50025 corresponds to a first horizontal scan line (H. Scan Line 1) of the display 
device 25. Similarly, blocks of sequential memory addresses are allocated to correspond 
to horizontal scan lines H. Scan Line 2.1n this example, the block of sequential memory 
addresses corresponding to H. Scan Line 1 is allocated to store composed pixel data for 
the pixels 1 through 16. Similarly, the block of memory addresses corresponding to H. 
Scan line 2 , H. Scan line 3 and H. Scan line 4 are allocated to store composed pixel data- 
for other pixels that make up a scan line. The pixels stored in each of the above noted 
blocks of memory are sequential and correspond to a particular horizontal scan line of 
display device 25. No composed pixel data for pixel regions other than the associated 
pixel region is contained within any given block of sequential memory addresses. 

FIG. 7B shows that memory 495 may also be allocated so that predetermined size 
blocks of sequential memory addresses correspond to a portion of a horizontal scan line. 
More particularly, FIG. 7B illustrates an example wherein a horizontal scan line on an 
associated display is greater than 16 pixels horizontally, for example, 64 pixels. In this 
case, a block of sequential memory addresses is allocated for every 16 pixels (one quarter 
of the total scan line) of the horizontal scan line of the associated display 25. The block 
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of sequential memory addresses 50010 through 50025 corresponds to the first quarter of 
the first horizontal scan line (H. Scan Line 1 (1'* Quarter)) of the display device 25. 
Further, the block of sequential memory addresses 50120 through 50135 corresponds to 
the second quarter of the horizontal scan line (H. Scan Line 1 (2"^* Quarter)), the block of 
sequential memory addresses 60590 through 60605 corresponds to the third quarter of the 
horizontal scan line (H. Scan Line 1 (3"^^ Quarter)), while block of sequential memory 
addresses 62450 through 62465 corresponds to the fourth quarter of horizontal scan line 1 
(H. Scan Line 1(4^*" quarter)). 

The block of memory associated with H. Scan Line 1(1^^ Quarter) is allocated to 
store pixel data for the pixels 1 through 16. Similarly, the block of memory addresses 
corresponding to horizontal scan line 1 (2"^ Quarter) is allocated to store pixel data for the 
pixels 17 through 32. The block of memory addresses corresponding to horizontal scan 
line 1 (3"^"^ Quarter) is allocated to store pixel data for the pixels 33 through 48 while the 
block of memory addresses corresponding to horizontal scan line 1 (4"^ Quarter) IS 
allocated to store pixel data for the pixels 49 through 64. As can be seen, the pixels 
stored in each of the above noted blocks of memory are sequential and correspond to the 
horizontal scan line 1 of an associated display device 25. Composed pixel data will be 
retrieved by blocks in sequential order so that the composed pixel data corresponding to 
Horizontal Scan Line 1 (1^^ Quarter) will be retrieved first and output, then the composed 
pixel data corresponding horizontal scan line 1 (2"^ Quarter), then for horizontal scan line 
1 (3rd Quarter) and then horizontal scan line 1 (4th Quarter). This order of retrieval is 
generally illustrated by the dotted lines shown in FIG 7B. In this way, the efficiency of 
retrieval and output of composed pixel data for display is very high as all data retrieved 
fi-om a given block of sequential memory is relevant to the scan line currently being 
displayed. Further, it is not necessary to cache composed pixel data temporarily to allow 
for assembling of all composed pixel data relevant to a particular scan line. 

With reference to FIG. 6 and FIG. 7A, it will be recognized that there does not 
have to be a one to one correlation between pixel data stored to a block of sequential 
memory as shown in FIG. 6 and composed pixel data generated based upon the pixel data 
stored for a given pixel region as shown in FIG. 7 A. More particularly, it is possible to 
generate pixel data for a single pixel corresponding to a scan line of an associated display 
device based upon non-composed pixel data representing multiple pixels. For example. 
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operations such as super-sampling may be conducted on pixel data stored to memory. In 
this case, multiple pixels may be sampled to yield pixel data representing a single pixel. 
The resulting single pixel may correspond, for example, to a scan line of an associated 
display device. Such operations may be carried out as a part of a composition of data 
process, or prior to the composition of data process. 

Further, as noted above blocks of sequential memory addresses are allocated to 
store pixel data representing surface areas necessary for composition. These surface areas 
may include, for example, front, back, left, right, overlay and attribute surfaces. Pixel 
data stored in blocks of sequential memory will typically be retrieved and used during 
composition operations. Other types of surface data not necessarily needed for operations 
such as composition may also be stored into blocks of sequential memory. Some 
examples of surfaces not necessary for operations such as composition may include 
depth, stencil and alpha surfaces. Memory addresses used to store surface data necessary 
for composition as well as surface data not necessary for composition may be located 
within the same physical memory device or across multiple separate and distinct memory 
devices. 

In another embodiment, the controller of the present invention is configured to 
store pixel data into sequential blocks of memory, along with check bit data associated 
with the pixel data to indicate whether or not the pixel data stored in the particular block 
of sequential memory addresses has changed since a prior data refresh cycle. Check bit 
data may be stored in one or more predetermined blocks of sequential memory addresses. 
This check bit data can be used to determine whether or not pixel data stored in a 
particular block of sequential memory should be retrieved for composition. The resulting 
composed pixel data will then be stored back into memory as composed pixel data. If the 
pixel data has not changed since the last refresh cycle, there is no need to recompose this 
pixel data, as the composed pixel data resulting from the prior data retrieval or 
composition operation will be the same as the currently stored composed pixel data. 
Thus, resources can be saved by avoiding xmnecessary composition operations. 

Check bit data may be stored in blocks of sequential memory addresses. Each 
check bit may be associated with one or more pixel regions of an associated display. In 
other words, a single check bit may be used to indicate whether or not pixels within any 
one of a group of pixel regions has changed since a prior retrieval. If so, then the pixel 
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data is retrieved from all of the pixel regions associated with the check bit, composed and 
stored as composed data into sequential blocks of memory. Further, the check bit is 
cleared. Otherwise, if the check bit indicates no changes within the group of pixel 
regions, the data will not be retrieved and recomposed. 

FIG. 8A illustrates a predetermined block of sequential memory addresses on 
memory 495 that is used to store check bit data. Here, a block of sequential memory 
addresses 52450-52465 are designated to store check bit data, check bit 1 through check 
bit 16, respectively. Each check bit may be, for example, a multi-bit data word. Each 
check bit may be associated with one or more pixel regions. Further, multi-bit data word 
may be used to store multiple check bits, thereby further relieving any burden on the 
memory system. Before pixel data is retrieved for composition of a particular pixel 
region, check bit data associated with a particular pixel region may be read to determine if 
any data within that pixel region has changed since last refresh cycle. 

FIG. 8B shows a flowchart illustrating how check bit data can be associated with a 
pixel region and used to avoid unnecessary processing operations. Geometric data is 
converted into pixel data (802) representing a predetermined surface or object to be 
displayed. The pixel data is stored into memory in blocks of sequential memory 
addresses. Check bit data associated with- the pixel data is stored into one or more 
predetermined blocks of sequential memory addresses. This check bit data indicates 
whether the associated pixel data has been changed since the last refresh cycle (804). 
Each of these blocks of memory corresponds to a predefined pixel region of an associated 
display device 25 (FIG. 1). The process of retrieving pixel data from the blocks begins 
(806). The check bit associated with the block of memory is checked (808). If the pixel 
data stored therein has changed since the previous retrieval cycle (809), the check bit is 
cleared (810), then the pixel data is retrieved from the block of memory (811) and 
composed to produce composed pixel data (812). The composed pixel data is stored into 
memory in predetermined blocks of sequential memory addresses (814). Each block of 
sequential memory addresses corresponds to a predetermined horizontal scan line of an 
associated display device. It is then determined whether all pixel data has been composed 
(815). If so, the composed pixel data is retrieved from memory (816) and output for 
display on an associated display device (818). Once the composed pixel data is output for 
display (818) the process of retrieving pixel data may begin again (806). If all pixel data 
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has not been composed (815), the process of retrieving pixel data may begin again (806). 
If the pixel data has changed since the previous retrieval cycle (809), then the process 
advances to step 810 and progresses from there as discussed above. 

The controller 590 is configured to retrieve the composed pixel data from memory 
495 by block. As each block contains composed pixel data for a particular horizontal 
scan line to be displayed, all retrieved composed pixel data can be directed to the 
associated display device 25 as a stream of composed pixel data. By making use of all 
composed pixel data retrieved from memory, without having to discard non-relevant/un- 
needed pixel data, the efficiency of the graphics processing and output system is greatly 
increased. 

In another embodiment, controller 490 may be configured to generate and store 
the check bit data associated with a sequential portion of a displayable surface, to 
memory 495 or a register capable storing check bits for a limited number of composable 
surfaces. Further controller 490 may be configured to read the check bit during retrieval 
operations and pass over those blocks of pixel data that have a check bit which indicates 
that the pixel data therein has not changed since the last retrieval operation. 

In a further embodiment, a check bit (fill check bit) may be associated with a pixel 
region and used to indicate that all pixels within the pixel region are constant or the same 
as a specified pixel value. In other words, the fill check bit may be used to indicate that 
the value for each pixel within the pixel region is the same as the value of a 
predetermined reference pixel. This reference pixel is preferably a pixel within the 
particular pixel region, however it may also be a pixel within another pixel region or 
alternatively a value stored to memory for reference. In this way, the bandwidth required 
to transfer pixel data to/from memory for a given pixel region may be reduced. 

FIG. 9A shows a flow chart illustrating a method of storing pixel data for a given 
pixel region. In this method, all pixel data to be stored for a given pixel region is 
identified (900). A reference pixel is associated with a given pixel region (901). This 
reference pixel may be a particular pixel within the pixel region of interest or a pixel 
located in another pixel region. For a given operation, such as a fill operation, relative to 
predetermined pixel data, a determination is made as to whether or not the values for all 
pixels within the pixel region of interest are the same as the reference pixel (903). If so, 
the value for the reference pixel is stored in memory (905). The data for the reference 
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pixel may be stored, for example, in a memory address of a block of sequential memory 
addresses associated with the particular pixel region of interest, or in a separate block of 
sequential memory addresses separate and distinct from the block of sequential memory 
addresses associated with the pixel region of interest. Further, the reference pixel data 
may be stored separate from any specific block of sequential memory addresses. A fill 
check bit associated with the pixel region is set to indicate that the value of all pixels 
within the pixel region is the same as the value of the reference pixel (909). If not, the fill 
check bit is cleared to indicate that the value of all pixels is not the same (906) and the 
pixel data for each pixel within the pixel region is stored into memory associated with the 
pixel region (907). 

FIG. 9B shows how pixel data for a given pixel may be retrieved, or read out of 
memory. In this example the process of retrieving pixel data is begun (911), A pixel 
region and fill check bit are associated with the pixel data (912). The fill check bit 
associated with the particular pixel region is checked (913) to determine if it is set (915). 
If not, the pixel data for the pixel within the pixel region is read out of the memory block 
associated with the pixel region in which pixel data is stored (917). If so, the pixel region 
is associated with the reference pixel (918) and the value of the reference pixel associated 
with the pixel region is read out and output as the value for the pixel within the pixel 
region (919). This avoids the need for retrieving and transferring all pixel data within the 
pixel region where the value of each pixel therein is the same as the value of the reference 
pixel. 

The processor 485, controller 490 and/or CPU 460 of the present invention can be 
implemented in hardware, software, firmware, or a combination thereof. In the preferred 
embodiment(s), the processor 485 and the controller 490 are implemented in software or 
firmware that is stored in a memory and that is executed by a suitable instruction 
execution system. If implemented in hardware, as in an altemative embodiment, the 
processor 485, controller 490 and/or CPU 460 can implemented with any or a 
combination of the following technologies, which are all well known in the art: a discrete 
logic circuit(s) having logic gates for implementing logic fiinctions upon data signals, an 
application specific integrated circuit having appropriate logic gates, a programmable 
gate array(s) (PGA), a fully programmable gate array (FPGA), etc. Controller 490 may 
be implemented as a general-purpose processor, such as, for example the InteF*^ 
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Pentium^*' IV central processing unit. Further, controller 490 may be implemented as a 
graphics processor or a digital signal processor (DSP). Similarly, processor 485 may be 
implemented as a general-purpose processor, such as, for example the Intel™ Pentium™ 
IV central processing unit. Further, processor 485 may be implemented as a graphics 
processor or a digital signal processor (DSP). 

The processor 485 may be configured to incorporate or otherwise carry out the 
functions of controller 490 and/or CPU 460. CPU 460 may also be configured to 
incorporate or otherwise carry out the functions of controller 490 and/or processor 485. 
Similarly controller 490 may be configured to incorporate or otherwise carry out the 
functions of CPU 560 and/or processor 485. 

The software 467 comprises an ordered listing of executable instructions for 
implementing logical functions, can be embodied in any computer-readable medium for 
use by or in connection with an instruction execution system, apparatus, or device, such 
as a computer-based system, processor-containing system, or other system that can fetch 
the instructions from the instruction execution system, apparatus, or device and execute 
the instructions. In the context of this document, a "computer-readable medium" can be 
any means that can contain, store, communicate, propagate, or transport the program for 
use by or in connection with the instfuctioii execution system, apparatus, or device. The 
computer-readable medium can be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, device, 
or propagation medium. More specific examples (a nonexhaustive list) of the computer- 
readable medium would include the following: an electrical connection (electronic) 
having one or more wires, a portable computer diskette (magnetic), a random access 
memory (RAM) (magnetic), a read-only memory (ROM) (magnetic), an erasable 
programmable read-only memory (EPROM or Flash memory) (magnetic), an optical fiber 
(optical), and a portable compact disc read-only memory (CDROM) (optical). Note that 
the computer-readable medium could even be paper or another suitable medium upon 
which the program is printed, as the program can be electronically captured, via for 
instance, optical scanning of the paper or other medium, then compiled, interpreted or 
otherwise processed in a suitable manner if necessary, and then stored in a computer 
memory. 
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The flow charts of FIG. 5, FIG. 8B, FIG. 9A and FIG, 9B show the architecture, 
functionality, and operation of a possible implementation of control software that may be 
stored on memory 465 (FIG. 4) as software 467. In this regard, each block represents a 
module, segment, or portion of code, which comprises one or more executable 
instructions for implementing the specified logical function(s). It should also be noted 
that in some alternative implementations, the functions noted in the blocks may occur out 
of the order noted in FIG. 5, FIG. 8B, FIG. 9A or FIG. 9B. For example, two blocks 
shown in succession in FIG. 5, FIG. 8B, FIG. 9A or FIG. 9B may in fact be executed 
substantially concurrently or the blocks may sometimes be executed in the reverse order, 
depending upon the functionality involved, as will be further clarified herein below. It 
will be recognized that the functionality and operations described in FIG. 5, FIG. SB, 
FIG. 9A or FIG. 9B, or portions thereof, could also be implemented in hardware via, for 
example, a state machine. 

It should be emphasized that the above-described embodiments of the present 
invention, particularly, any "preferred" embodiments, are merely possible examples of 
implementations, merely set forth for a clear understanding of the principles of the 
invention. Many variations and modifications may be made to the above-described 
embodiment(s) of the invention without departing substantially firom the spirit and 
principles of the invention. All such modifications and variations are intended to be 
included herein within the scope of the present invention and protected by the following 
claims. 
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